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STJMMABT 



A theoretical analysis is presented of the perform— 
anoe of propellers extending to high values of 7/nD. At 
high values of V/nX> the analysis shows the propeller 
efficiency to be critically dependent on the distribution 
of the load along the radius. A method of calculating 
the pitch dlatributions of optimum propellers is explained. 
Charts aro presented that facilitate tho selection of the 
most efficient propellers over a wide range of operating 
conditions. It Is noted that experimental data In the 
range of high values of 7/nD for the purpose of estab- 
lishing the optimum load distribution are essentially 
lacking. 



IKTB0DU0TION 



Until recent years the application of propeller theory 
has been largely restricted to low values of blade angle. 
Experimental Investigations have been made at low values 
of 7/nD or, at best, on propellers designed to operate at 
low values of 7/nD and tested at high values of 7/nD, 
Tor the low values of 7/nD tested, the efficiency depends 
chiefly on tho power absorbed, the speed of advance, and the 
diameter of the propeller. Other factors of lesser importance 
aro the distribution of thrust along the blade, the num- 
ber of blades, and the profilo drag of the blade sections. 

Tor high— speed airplanes, high values of 7/nD are 
required in order to avoid adverse compressibility effects. 
Theoretical calculations of propeller efficiencies at 
high values of 7/nD for propellers designed to oper- 
ate at low values of 7/nD agreo with the experimental 
efficiencies obtained. Calculations for the same propel- 
lers whon the pitch distribution was adjusted to give the 
Qoldstoin leading along tho blade show materially higher 
efficiencies and indicate that a major variable for the 
peak-efficiency condition at high values 'of 7/nD 
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1b the distribution of thrust along the "blade.' 

At airplane speeds of approximately 0.7 the speed of 
sound. It is necessary to use low lift coefficients In or- 
der to avoid compressibility losses, and these low lift 
coefficients lead to lov values of L/D 0 and the profile 
drag "becomes important. 

The results of tests of propellers designed for Gold- 
stein loading for each operating condition are reported in 
roference 1. These tests were made up to a "blade angle ■ . 
setting of 43.6° at 0.7 radius, and the effioienoy obtained 
for the oporating condition of peak efficiency agrees with- 
in 1 peroont of that calculated for a Goldstein distribu- 
tion of loading. This good agreement between the experi- 
mental and the theoretical results indicates the possibil- 
ity of maintaining high efficiencies at high values of 
V/nD as calculated by using the Goldstein distribution of 
loading. 

The present report shows the values of efficiency 
that are theoretically possible with a Goldstein load dis- 
tribution for a wide range of power loadings and values 
of V/nD for single-rotation propellers of two, three, 
four, and six blades. It presents a method of determining 
the pitch distribution to approximate the Goldstein load-- 
ing for any operating condition. The report is intended 
to furnish a baslB for design of propellers to be tested 
at high values of V/nD in order to demonstrate the 
validity of the theoretical analysis in the practical ap- 
plication to aerodynamic design. If the experimental and 
theoretical analyses are found to agree at high values of 
V/nD, then theoretical analysis will be available as a 
reliable basis of aerodynamic design of propellers for 
any operating condition. 

The authors wish to acknowledge the benefit of the 
unpublished work of Mr. Charles Kaman' that vas furnished 
by t3:e Ban 11 ton Standard Propellor Company during the 
props rat ion of this report. 



SYMBOLS 



D propeller diameter 



B radius to tip of propeller 
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r radius to any blade element 

x radial location of blade element (t/E) 

o chord of blade element 

S disk Area of propeller 

B number of propeller blade s 

a 0 angle of attack of blade element corrected for 
infinite aspect ratio 

9 blade angle setting. 

0 angle of resultant velocity to plane of rotation 

0 O angle of advance of propeller ^tan" 1 TT ^ Dl ^ 

e angle of lnflov (0 - 0 O ) 

n • propeller rotational speed, revolutions per second 

a propeller element Bolldlty (Bo/ZiTr) 

7 axial speed of propeller 

T 0 speed of sound 

p mass density of air 

q. dynamic pressure of air stream (i p 7 ) 

V/nD advance-diameter ratio of propeller 

L lift of propeller section 

D 0 drag of propeller section for infinite aspeot ratio 

C L lift coefficient for infinite aspect ratio 

0 D drag coefficient for infinite aspeot ratio 

aOj, propeller element load coefficient 

oOjj blade element load coeffioient. 



V tan" 1 0 D /0 L 

P Input power to propeller 

Op power coefficient (P/pn a D 8 ) 

P 0 power disk-loading coefficient (P/qSV) 

J 8P 



1_ 
V^c 



Q input torque to propeller 

torque coefficient (<i/pn a D 5 ) 

T- thrust of propeller 

C T thrust coefficient (T/pn a D 4 ) 

Tl propeller, or element, efficiency 

efficiency loss due to drag \ — ^ — [cot (6- cot ( 0+V)] l 

^tthDx J 



d0 ( 
IT 



element torquo coefficient 

pn D 



dOm dT/dx 

— - element thrust coefficient — w— r- 
dx pn D 

a axial-Telocity interference factor 

a 1 rotational-velocity interference factor 

S r rotational energy in slipstream 

i.o- 



Jr JL /" a 
P " °Q o.e ' dx 



l£adx 



tip-loss coefficient 
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FORMULAS 



The formulae employed for making the propeller-blade- 
element calculations in this report are taken from refer- 
ence 2. From this reference are obtained the relations 



or(C L sin 0 + Op cos 0) 



(1) 



1 - a' 47 sin 0 oos 0 

and 

a rrt f1_ « « a A _ n4n A^ 

(3) 



•^0 L cos 0 - 0 D sin 0) 



1 + a 4? sin a 



It appears that the drag terms should he omitted from these 
equations because the retarded air due to drag is restrict- 
ed to thin helical sheets in the vake and can have no ap- 
preciable effect on the general inflow factors a and a 1 . 
These equations then become 

a' _ <*L (3 ) 



1 - a 1 47 oos 
and 



1 + a 47 sin 0 



Vlth these equations an expression for the blade ele- 
ment loading .may be obtained: 



4 sin e (l + tan e) 



(5) 



+ 1 



7or small values of c this equation beoomes 

°°L -««' (l * «) 



<6) 



a 

+ 1 



This formula was used in constructing figure 1. The solu- 
tion of equation (6) for c is 
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TTnDX 




Tormula (?) ie useful for solutions outside the scope of 
the chart . 

The expression for tho aloraont efficiency is 



■nnDx 



cot (0 + V) (8) 



The element efficiency without friction is obtained from 
this formula, omitting V. The efficiency loss ATIq due 
to friction drag is then given "by the difference between 
these two expressions for T): 

^TTd- [cot 0 - cot (0 + Y)J (9) 



The expression for the rotational-energy loss 1b derived 
in reference 3. 

i 

a' — ^ dx (10) 
*<j./ dx 



o 

S1ESULTS 



Figure 2 gives the tip-loss factor T as used in this 
report for two-, three-, four-, and six-blade propellers. 
Reference 4 gives the corrections for two—, three—, and four- 
blade propellers and a method of extrapolation to obtain the 
corrections for use with a six— blade propeller. Tho data of 
reference 4 were extrapolated to x = 0.2 for the two—, 
three—, and four— blade propellors. 

Tlgure 3 shows the ratio of the element load coefficient 
cOl to the load coefficient at the 0.7 radius for two-, 
three-, four-, and six-blade propellers having the Goldstein 
distribution oporatlng at valuos of V/nD from 1.0 to 5.0. 
The mothod used in obtaining the distribution of the element 
load coefficient is outlined by Bairstow in reference 5. Tor 
constant Of, along the radius, the curves give the plan form 
for maximum efficiency at a givoc value of v/nD. Any depar- 
ture from this plan form may be made without any sacrifice In 
efficiency provided that Ol Is adjusted to keep oGl as 
shown on tho figure, except for losses due to changes in 
L/D 0 of the sections. 

Tor operation at low values of 7/nD and torque coeffi- 
cient, tho chief losses In efficiency arise from the axial 
motion imparted to tho slipstream and the blade drag. At 



high values of V/nD and torque coefficient, however, the 
percentage power lose in axial momentum ie ver7 email and 
the lose in efficiency due to the rotational velocity becomes 
important. JThe rotational-energy loss is proportional to a 1 , 
whioh in turn is inversely proportional" to z3 (reference 3), 
so that a largo portion of the energy losses may arise from this 
source over the inner radii. For this reason it would he desirable 
to unload the inner seotione of the "blade as V/nD increases. 
On the other hand, the Goldstein tip-loss correction at a 
given radius increases with increasing 0 or V/nD, whioh' 
results in greater loss of efficiency at the tips oof the 
"blades. The two effects, which are a function of V/nD, tend 
to. move the location of the maximum element loading in oppo* - 
site directions. The first effect predominates, however, and 
it may he eeen in figure 8 that the loading should he more 
oonoentrated toward the tip with increasing V/nD, although 
for values of V/nD of 3 or more, there ie seen to he little 
change in optimum load distribution. 

Figure 4 shows the radial location of the maximum value 
of the element load coefficient aCj, against V/nD for op- 
timum load distribution for two-, three-, four-, and six- 
blade propellers. It is seen that tho maximum value of oOj, 
should move toward the propellor tip with an increase in the 
number of blades because tip loss approaches sero for an. in- 
finite number of blades. The curves also show that tho max- 
imum value of oO L should move toward the propeller tip 
with an increase in operating V/nD. 

Tho Iobb of olomont efficioncy due to drag, ATI]}, is 
plottod against V/nDx in figure 5, as oalculatod by equa- 
tion (9) for a wide range of values of L/D 0 . Values of 
Cj, for a 9-percent Olark T section taken from figure 10 
are shown on the curves of 1>/D 0 . The total loss in effi- / 
cienoy resulting from the profile drag of the blade is 
Been to be only a little more than 3 peroent for elements 
operating at the usual present-day value of Oj, of rough- 
ly 0.45, corresponding to an D/D 0 of 60, in the range 
of V/nDx from 3.0 to 6.0. Tor the same L/D 0 at higher 
values of V/nDx, this loss is increased, for example, to 
11 peroent at the value of V/nDx » 20. The efficiency 
loss due to profile drag becomes Important also at the 
lower values of D/D 0 . Low values of D/D 0 may arise from 
the use of small lift coefficient a in an effort to in- 
crease the section speed at which compressibility shook' 
is encountered. If a of 0.25 1b used, for example, 

oh a blade section operating at a V/nDx of 7.5, the 
friotlon loss will be more than 7 peroent (D/D Q «* 38), 
This value represents the loss at a V/nD of 5.35 for the 
0.7 radius. JLt x » 0.3 and V/nD a 5.25, V/nDx is 
17.5 and the loss is 15 peroent for an D/D 0 » 38. 
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JL value of L/Do * 38 . la unattainable for the thick 
inner aeotione at the condition of optimum diatribut ion 
for 7/nD = 5.26 and CL = 0.25 at the 0.7 radius. Tor 
this reason the lose in element effloiencz will he greater 
than 15 percent at x = 0.08 for the apeoified conditions hut 
since only a small proportion of power ia absorbed on these 
sections, the effect on the total efficiency will be Bmall. 
This effect may be seen In figure 6, which shows the optimum 
distribution along the radius of the ratio of the element 
torque coefficient to tho element torque coefficient at 
the 0.7 radius for three values of V/nD for a throe- 
blade propollor with constant L/D 0 along the radius. 

The" basic propeller selection charts of this report 
Are presented in figure 7. The curves have been drawn 
through 'point s obtained from optimum torque and thrust 
distributions graphically integrated from the tip of the 
blade to x = 0.2. The ordinatos give values of effi- 
ciency for propellers with blado sections operating at 
L/D Q b 60. The abscissas represent values of 

■ D / ILEI— , go that this scale is linear in propel- 

ler diameter. Against these scales are shown, in solid 
lines i curves of constant propeller element load coeffi- 
cient OGj, at 0.7B over a wide range of values for two-, 
three-, four-, and six-blade propellers having optimum 
lpad distributions. These curves are crossed by families 
of dashed curves of constant advance-diameter ratio .V/nD 
for values of V/nD froml.O to 6.0. 

The dotted curves of crC^ represent a nominal value 
of oC L that 1b in the normal range as used on conven- 
tional propellers. These curves are included as a means 
of orientation and are plotted together fur two-, three-, 
four-, and six-blade propellers in figure 8. This chart 
is useful to obtain a first approxiua*. ion to the required 
number of conventional blades. It should be noted that 
figures 7 and 8 apply strictly only to propeller blades, 
all the. elements of which operate at the same value of 
L/D 0 o 60. The usefulness of these figures can be extend- 
ed, at least qualitatively, to other values of L/ D o for 
the entire blade or for various radial elements of the 
blade by means of figure 5. It may also be seen in figure 
7 that, for a -fixed value of F c , a gain In efficiency 
may be realised by operating at a decreased value of cCj, 



and lower value i \ a* V/nD. Thus, for any propeller in- 
stallation, it is advantageous to operate the -propeller 
at the lowest value- of V/nD possible and still avoid 
compressibility losses. She lover values of V/nD are 
not attainable In modern design* for high-speed flight, 
however, "because of aerodynamic llaltatlons on section 
speed, 

Tor a given power and flight speed and for eonstant 
tip speed, the increase in efficiency with diameter for 
corresponding decreases In solidity may he followed di- 
rectly on a curve of constant V/nD in figure. 7, follow- 
ing along a given V/nD curve* the efflolenoy- oan be con- 
tinuously increased until a practical limitation on the 
minimum value Of oCj, or the maximum diameter is reached. 

In figure 9, values of J\ at V/nD ■ 2.6 have "been 
plotted against. ffOj, at 0.7B. for two-, three-, four-, 

and six-blade propellers. Shis figure affords a neans of 
estimating the decrease in T) with increasing tfOj, ob- 
tained by increasing the number of blades in one case or 
by increasing the blade width in the other. The figure 
also shows the gain in efficiency to be expected for a 
given solidity from increasing the number of blades. These 
curves are crossed by a dotted standard curve of constant 
width per blade. The dotted curve shows the change in ef- 
ficiency to be expected from tests on propellers of two, 
three, four, and six blades of constant width per blade. 

DISCUSSION ■ 



Conventional plan form's are genorally relatively too 
wide along the inner radii for the high values of V/nD 
needed for present-day applications. A typical chord dis- 
tribution of Bureau ef Aeronautics propeller 5868-9 is 
shown in figure 3(a). It may be seen that, if C L is con- 
stant along the radius, the ohord distribution will close- 
ly approximate the optimun for a two-blade propeller for 
operation at a V/nD of slightly less than 3.6, whereas 
some present-day applications nay require a V/nD of 6.0 
or more • ' 

The effect on the propeller efficiency of using a 
fixed ohord distribution and varying the valuo of Oj, to 

obtain the optimum distribution of cra L f °* tho desired 
operating condition was estimated as. follows! 
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The optimum blade plan form with constant . 0 L for a 
three-blade propeller at 7/nD =1.0 vas used for com- 
puting its performance at 7/nD 3 6.0 with- the distribu- 
tion of the element load coefficient' oOj,. adjusted. to 
giro the optimum distribution of cC L at 7/nD » 6.0 
by varying only Oj, . 

Tor illustrative purposes Clark T 12-porcent sections 
have bean assumed. The data for these sections were taken 
fron referenoo 6 and are plotted in figure 10. Curves of 
Cj, for constant angle of attack are plotted against ' thick- 
ness ratio in the lower part of the figure. The thickness 
ratio is the ratio of the maximum thickness of the blade el- 
ement to its chord. In the upper part are plotted curves 
of L/D 0 for constant C L against thickness ratio. The 
distributions of cO^ for the propeller are Bhown in 
.figure 3 and the design calculations are given in table I. 
The changes in element efficiency are the direct result 
of changes in I«/D Q corresponding to Oj, • The result 
will be Influenced Bomevhat by the relation of the element 
Cj, to the Cj, for maximum L/D 0 . 

In the illustration both blades have the same value 
of aCj, at x = 0,7 and all sections operate below C^, 
for maximum L/D 0 . It will be noted that L/ D o increased' 
slightly from x = 0.7 to the tip of the blade but fell 
rapidly over the inner sections from 60 at x a. 0.7 to 21 
at x 3 0.2. The propeller efficiency is 0.860 as com- 
pared with 0.871 obtained with optimum chord distribution 
(fig. 7). The loss in efficiency as a result cf using 
the plan form of blade 5868-9 instead of the optimum, 
therefore, may not be expected to be much greater than 1 
percent of the power. The thick sections near the hub, 
however, will produoe an additional loss. 

A much more serious Iosb in efficiency results from 
the common. practice of adapting a blade designed for low 
values of 7/nD to operate at higher values by simply 
turning the blade in the hub. In order to illustrate this 
-case, the optimum blade for 7/nD «= 1.0 for a three-blade 
propeller was analysed for operation at 7/nD 3 6.0 by 
adding a constant angle to 8 for all elements, the total 
power coefficient being adjusted to about the same value 
as for the optimum propeller at 7/nD c 6.0. By this pro- 
cedure the efficiency obtained is 0.765 as compared with 
0.871 for the optimum propeller at 7/nD = 5.0. The calcu- 
lations are shown in table II. Over most of the blade the 
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value of 1»/D 0 has fallen from 60 to around 46. and this 
re Bult account a for a Mall part of .the efficiency lose. 
(Of. fig. 5.) The greatest portion of the lose, however, 

' ia the increase of rotational energy in the slipstream 
resulting, from overloading the inner portion of the "blade. 
She torque distributions for the two propellers are shovn 
in figure 11. The rotational-energy losses are compared 
in figure 12 as computed by the method described in refer- 
ence 3. These losses are seen to he 4,5 percent and 14. 3 

■ percent for the optimum and the twisted "blades, respectively. 

• Computations of the foregoing type have been used to 
analyse the performance obtained in tests of propellers 
designed for low values of V/nD and tested at high val- 
ues of V/nD. The close agreement between computations 
and test results has led to the conclusion that the most 
Important variable for operation at high values of V/nD 
1b the. pitch distribution of the propeller. Tests of pro- 
pellers of optimum pitch distribution at high values of 
V/nD, ar.e .urgently needed. 



. FE0FSLL2B SELECTION 



Tor a given airplane-engine unit, the quantity 




will, in general, be fixed at a known value. 



There remain to bo determined the number of blades B, the 
propeller element loading ooeffioient (TC L , the rotative 
speed n, and the propeller diameter D. The effects on 
the efficiency of changes in theee four variables can be 
readily followed on the selection charts (figs, 7 and 8). 

Several examples are givon here to demonstrate the 
use of the doeign charts (fig. 7) in determining the proper 
relation between all the variables in tho selection of a 
propeller for any given set of conditions. In the exam- 
ples it is aBBumed that tests are available giving the 
erltloal Haoh number for tho propeller sections for con- 
templated use. Tests to obtain those data are urgently 
needed as existing data of .this nature are scant and un- 
reliable . 
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Example I ■ 

It is assumed, for the purposes of Illustration, that 
all the propeller seotions are known to he free from un- 
due compressibility losses if standard blades are used, 
if the lift coefficient does not exceed 0.55 at 0.7 radius, 
and if the propeller tip speed does not exooed 80 poroont 
of the speed of sound. The design conditions are as fol- 



lows: 

Power, horsepower 2,000 

Altitude, feet 25,000 

Telocity, miles per hour 400 

Tip speed, (0.80 V 0 ), feet per second 811 

(tip speed) - T , feet per seoond .... 569 

7/nD 3.30 

/=Sr • • • 

Tour Six 

DlafteB blades 

ttrV 3 

-ST • 4.75 3.90 

D, feet 17.15 14.05 

Estimated weight, pounds . 103 0 8 7 0 

Propeller rotational speed, rpm .... 623 760 



In example I it was assumed that the propeller drive 
gear ratio was optional. The results show that, if a 
standard four-blade propeller is used, a diameter of 17.15 
feet will be required but that a diameter of only 14.05 
feet is required if a six-blade propeller 1b used. 

The preceding process may be repeated with other tip 
speeds provided that the corrections for compressibility 
are known. The seleotion of the proper tip speed for a 
given application requires the use of experimental data 
that are not available for an accurate solution. 
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It 1b nov necessary to go to figure 3 to obtain the 
proper distribution of oCj, along the radius for a value 
of V/nD o 3.30. The desired propeller blade angle for 
any radiue may be obtained by successive approximations as 
follows: 

Prom 0 O and x an approximation to - 7 is made, 



BoO] 
3nr] 

Then the first approximation to c° is made where 



SOUr 

whloh is used in calculating ' j . 



€° - 38.65 



y VsrnDx/ ? y VrrnDx/ nnDx 



lor convenience, c° has been plottod against for 

SurT 

a wide range of values of St ^ & in figure 1. 

A first approximation to -0 is now obtainod, 
0 » (0 O + <) . Vith this value of 0 and x, a now 7 

is obtained and the proooss is repeated to obtain the sec- 
ond approximation to 0. Usually, two successive approx- 
imations give 0 to the desired degree of accuracy. Then 
with C L Rnd the airfoil Beotion known, a 0 - cay be ob- 
tainod from airfoil data corrected to lnfinito aspect 
ratio. The blade angle Betting 3 « 0 + a 0 . 

This proooss may be carried out for ns many Beotion 
radii as desired. 

If a propeller designed for optimum distribution in 
free air Is operated on the axis of a body, suoh as an 
open-nose cowling, the portions of the blade in the regions 
of reduced velocity will experience an increased lift co- 
efficient with tho result that the load distribution will " 
no longor be optimum. The blade will be locally overloaded 
and may even stall. The region of reduoed axial volooity 
occurs almost Invariably over the blade sections noar the 
hub, so that tho overloading in this rogion will result in 
large rotational-energy lossos. . In such cases, designing 
for tho local velocity distribution is therefore impera- 
tive. Calculations indioate that a close approximation to 
tho optimum distribution in suoh cases will bo obtainod by 
adjusting the blade angle of the blade to obtain the dis- 
tribution of oCj, appropriate to a propollor In the free 
stream operating at the 7/nD of the tip. 
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Bxamplo II 

In some eases the maximum allowable diameter as well 
as the selection of gear ratio, and thus the propeller 
speed to he used,, will he specified. It is proposed to 
select apropeller thus limited for the engine power, alti 
tude, and forward velocity given in example I. Tho limi- 
tations on tho propeller and the design are as follows: 

Propeller diameter, feet , . 13.8 

Propeller Bpeed, rpm 

i .» /HEL . 

V/nD 

CTC L at 0.7H (fig. 7(c)) 0.0733 



(imD) + V , feet per second . . . 1000 

The computations show that a standard four-blade 
propeller operating with a lift coefficient of 0.55 at the 
0.7 radius will ahsorb the engine power (if no losses are 
incurred because of compressibility ) , but the propeller 
tip translational velocity will be 98.6 percent the veloc- 
ity of sound. This tip speed is undoubtedly too high to 
avoid some compressibility losses over at least the outer 
portion of the blade. 

If the tip portions of the blade were cut off in an 
attempt to reduoe the tip sueed, it would be necessary to 
use higher lift coefficients over the rest of the blade 
to absorb the power, thus lowering the critical Mach num- 
ber of the sections. The propeller efficiency would also 
tend to decrease as a result of the reduction in diamater. 
The best compromise obtainable by cutting off the propel- 
ler tip is thus seen to be critically dependent on the 
variation of section critical Mach number with lift coef- 
ficient, but it is unlikely that, in a given case, much 
impr ovemont in propeller efficiency may be achieved by 
this procedure. 



1200 
3.55 

2. 29 
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Example III 

Oempressibility losses on a propeller for constant 
power will be comparatively insensitive to changes over a 
vide range of rotative speed. Thus, if a propeller aeo- 
tioa ia operating near its critical Maoh number and the 
rotative speed is increased at the same value of ? 0 » the 

Maoh number will increase aocordingl7. Also, the value of 
Oj, required for the section will doorcase and this result 
will raise the critical Maoh number. An example illustrate 
ing a typical case is here given. 



Design conditions: 

Engine power, horsepower . 2,000 

Altitude, feet . . , , , 85,000 

Velooity, miles per hour 400 

Propeller diameter, feet 13.17 

Number of blades .' , , . 6 

-i=.d nisi. 3 . 65 

JTl J BP 

First Second 

choloe ohPftoe 

Rotational speed, rpm 1080 900 

V/nD 2.48 8,97 

lip speed, feet per seoond 948 854 

fraction of T e 0.934 0.842 

Speed at 0.7H, feet per seoond 785 730 

fraction of V e ........ 0.773 0.719 

"a. 0 L at 0.7 radius 0.0800 0.1070 

Ol at 0.7 radius . 0.400 0.536 
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Calculations are shown for two rotative speeds. 1080 
and 900 rpm. The blade eeetlon translation speeds at 
x a 0.7 are Been to have the translation Maoh numbers 
0.773 and 0.719, respectively, while the required section 
Gjj is raised' from 0-.400 tp 0.535; thus the increase in 
Ojj tends to compensate for the decrease- in transnational 
Maoh number'..' ■■ 

■ . 

Langley Memorial Aeronautical Laboratory, . 

National Advisory Committee for Aeronautics, - 
Langley ffleld, Va. 
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BLADB WITEOPTIKUM CHORD DISTRIBUTION FOR THKhiKi-TTTiATTB PRQH5LLER AX T/nD a 1.0 
ADJUSTED TO OPTIMUM DISTRIBUTION OJ CC^ FOR T/nD = 5.0 



[u = 0.860; Oq = O.I593] 
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TABLE II 



BLASE WITH OPTLMDM CHORD DISTRIBUTION TOR HE2EE5-BLADE PROPELLER AS T/nD = 1.0 

TUBBED IB HUB TO OPERATE AT T/nD = 5.0 



[t| = O.765; 0^ = 0.l66lJ 
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Figure 1.- Chart of e acainpt 52L for valuer of ^ from 0 to oo 
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Figure 3.- Ratio of load coefficient to load coefficient of 0.7 radius for optimum hcd 
(a to d) distribution for propellers operating at several vo/ues of V/nD 
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Figs 4,6 
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Figs. 7<3,b 




r/<fU^f 7(afc a/) .-/ = 'W£Z£&/e' des/gat c/t>/>#t. s/xmsa/t 60* 
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Figs 8£ 
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/^/scf/ee £,~D£s/&sY chart for standard propeller, blades,. S/lsms/vt = 6o. 
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Figs 11,12 
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f/eu/zs // '•— Comparison of torque distributions for optimum propeller and pop. 
propeller With blades turned in hub. 3 } 3; V/nosso* 
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F/fure IZ - Curves of a' 2^ aoa'inst X. ^/no =5.0 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



